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ATTACHMENT E : POST-INJECTION SITE CARE AND SITE CLOSURE PLAN   

Facility Information  

Facility name:  Archer Daniels Midland, CCS#2 Well 

IL-115-6A-0001 

Facility contact:  Mr. Steve Merritt, Plant Manager, 

4666 Faries Parkway, Decatur, IL,  

(217) 424-5750, steve.merritt@adm.com 

Well location:  Decatur, Macon County, IL;  

39Ü53ô09.32835ò, -88Ü53ô16.68306ò 

This Post-Injection Site Care and Site Closure (PISC) plan describes the activities that ADM will 

perform to meet the requirements of 40 CFR 146.93.  ADM will monitor groundwater quality 

and track the position of the carbon dioxide plume and pressure front for ten (10) years.  This 

alternative post-injection site care timeframe was approved by EPA, but ADM may not cease 

post-injection monitoring until a demonstration of non-endangerment of USDWs has been 

approved by the Director pursuant to 40 CFR 146.93(b)(3). Following approval for site closure, 

ADM will plug all monitoring wells, restore the site to its original condition, and submit a Site 

Closure report and associated documentation. 

Pre- and Post-Injection Pressure Differential  

The formation pressure at the injection well is predicted to decline rapidly within the first 4 years 

following cessation of injection. Based on the modeling of the pressure front as part of the AoR 

delineation, pressure is expected to decrease to pre-injection levels by the end of the PISC 

timeframe. Additional information on the projected post-injection pressure declines and 

differentials is presented in the permit application and the Area of Review and Corrective Action 

Plan (Attachment B to this permit). 

Predicted Position of the CO2 Plume and Associated Pressure Front at Site Closure 

Figure 1 shows the predicted extent of the plume and pressure front at the end of the 10 year 

PISC timeframe, representing the maximum extent of the plume and pressure front. This map is 

based on the final AoR delineation modeling results submitted in May 2016, per 40 CFR 146.84. 

mailto:mark.burau@adm.com


 

Post-Injection Site Care and Site Closure Plan for ADM CCS#2 ï Modified October 2016 Page E2 of 31 
Permit Number: IL-115-6A-0001 

 
Figure 1. Predicted extent of the CO2 plume 10 years after the cessation of injection (Est Yr 2031).  Pressure 

front (DPif = 62.2 psi) not shown because pressure is expected to decrease below that level at site closure. 

Post-Injection Monitoring Plan  

Performing groundwater quality monitoring and plume and pressure front tracking as described 

in the following sections during the post-injection phase will meet the requirements of 40 CFR 

146.93(b)(1). The results of all post-injection phase testing and monitoring will be submitted 

annually, within 60 days of the anniversary date of the date on which injection ceases, as 

described under ñSchedule for Submitting Post-Injection Monitoring Results,ò below. 

A quality assurance and surveillance plan (QASP) for all testing and monitoring activities during 

the injection and post injection phases is provided in the Appendix to the Testing and Monitoring 

Plan.  
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Groundwater Quality Monitoring  

Table 1 and Table 2 present the planned direct and indirect monitoring methods, locations, and 

frequencies for groundwater quality monitoring above the confining zone in the Quaternary 

and/or Pennsylvanian strata, the St. Peter Formation, and the Ironton-Galesville Sandstone. All 

of the monitoring wells are located on ADM property. Table 3 identifies the parameters to be 

monitored and the analytical methods ADM will employ, and Figure 2 shows the locations of the 

monitoring wells. 

Table 1. Post-Injection Phase Direct Groundwater Monitoring Above Confining Zone.(1,2) 

Target 

Formation 

Monitoring 

Activity  

Monitoring 

Location(s) 

Frequency:  

Year 1 

Frequency:  

Years 2-3 

Frequency:  

Years 4-9 

Frequency:  

Year 10 

Quaternary 

and/or 

Pennsylvanian 

strata 

Fluid sampling 

Shallow 

monitoring wells: 

MVA10LG, 

MVA11LG, 

MVA12LG, 

MVA13LG 

Annual Annual Annual Annual 

Distributed 

Temperature 

Sensing (DTS) 

CCS#1 Continuous None None None 

CCS#2 Continuous None None None 

St. Peter  

Fluid sampling GM#2 Annual Annual Annual Annual 

Pressure/ 

temperature 

monitoring 

GM#2 Continuous Continuous Annual Annual 

DTS 
CCS#1 Continuous None None None 

CCS#2 Continuous None None None 

Ironton-

Galesville 

Fluid sampling VW#2 Annual Annual Annual Annual 

Pressure/ 

temperature 

monitoring 

VW#2 Continuous Continuous Annual Annual 

DTS 
CCS#1 Continuous None None None 

CCS#2 Continuous None None None 

Note 1: Collection and recording of continuous monitoring data will occur at the frequencies described in Table 4. 

Note 2: Annual sampling and monitoring will occur up to 45 days before the anniversary date of cessation of 

injection or alternatively scheduled with the prior approval of the Director. 

Table 2. Post-Injection Phase Indirect Groundwater Monitoring Above the Confining Zone (1) 

Target 

Formation 

Monitoring 

Activity  

Monitoring 

Location(s) 

Frequency:  

Year 1 

Frequency:  

Years 2-3 

Frequency:  

Years 4-9 

Frequency:  

Year 10 

Quaternary 

and/or 

Pennsylvanian 

strata 

Pulse Neutron 

Logging/RST 

VW#1 Year 1 Year 3 Year 5, Year 7 Year 10 

VW#2 Year 1 Year 3 Year 5, Year 7 Year 10 

CCS#1 Year 1 Year 3 Year 5, Year 7 Year 10 

CCS#2 Year 1 Year 3 Year 5, Year 7 Year 10 
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Target 

Formation 

Monitoring 

Activity  

Monitoring 

Location(s) 

Frequency:  

Year 1 

Frequency:  

Years 2-3 

Frequency:  

Years 4-9 

Frequency:  

Year 10 

St. Peter  
Pulse Neutron 

Logging/RST 

VW#1 Year 1 Year 3 Year 5, Year 7 Year 10 

VW#2 Year 1 Year 3 Year 5, Year 7 Year 10 

CCS#1 Year 1 Year 3 Year 5, Year 7 Year 10 

CCS#2 Year 1 Year 3 Year 5, Year 7 Year 10 

Ironton-

Galesville 

Pulse Neutron 

Logging/RST 

VW#1 Year 1 Year 3 Year 5, Year 7 Year 10 

VW#2 Year 1 Year 3 Year 5, Year 7 Year 10 

CCS#1 Year 1 Year 3 Year 5, Year 7 Year 10 

CCS#2 Year 1 Year 3 Year 5, Year 7 Year 10 

Note 1: Logging surveys will occur within 45 days before the anniversary date of cessation of injection or 

alternatively scheduled with the prior approval of the Director. 

 

Table 3. Summary of Analytical and Field Parameters for Groundwater Samples. 

Parameters Analytical Methods (1) 

Quaternary/Pennsylvanian 

Cations: 

Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, and Tl 

ICP-MS,  

EPA Method 6020 

Cations: 

Ca, Fe, K, Mg, Na, and Si 

ICP-OES, 

EPA Method 6010B 

Anions:  

Br, Cl, F, NO3, and SO4 

Ion Chromatography, 

EPA Method 300.0 

Dissolved CO2 
Coulometric titration,  

ASTM D513-11 

Total Dissolved Solids Gravimetry; APHA 2540C 

Alkalin ity APHA 2320B 

pH (field) EPA 150.1 

Specific conductance (field) APHA 2510 

Temperature (field) Thermocouple 

St. Peter  

Cations: 

Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, and Tl 

ICP-MS,  

EPA Method 6020 

Cations: 

Ca, Fe, K, Mg, Na, and Si 

ICP-OES, 

EPA Method 6010B 

Anions:  

Br, Cl, F, NO3, and SO4 

Ion Chromatography, 

EPA Method 300.0 

Dissolved CO2 
Coulometric titration,  

ASTM D513-11 

Isotopes: ŭ13C of DIC Isotope ratio mass spectrometry 
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Parameters Analytical Methods (1) 

Total Dissolved Solids Gravimetry; APHA 2540C 

Water Density (field) Oscillating body method 

Alkalin ity APHA 2320B 

pH (field) EPA 150.1 

Specific conductance (field) APHA 2510 

Temperature (field) Thermocouple 

Ironton-Galesville 

Cations: 

Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, and Tl 

ICP-MS,  

EPA Method 6020 

Cations: 

Ca, Fe, K, Mg, Na, and Si 

ICP-OES, 

EPA Method 6010B 

Anions:  

Br, Cl, F, NO3, and SO4 

Ion Chromatography, 

EPA Method 300.0 

Dissolved CO2 
Coulometric titration,  

ASTM D513-11 

Isotopes: ŭ13C of DIC Isotope ratio mass spectrometry 

Total Dissolved Solids Gravimetry; APHA 2540C 

Water Density (field) Oscillating body method 

Alkalin ity APHA 2320B 

pH (field) EPA 150.1 

Specific conductance (field) APHA 2510 

Temperature (field) Thermocouple 

Note 1: ICP = inductively coupled plasma; MS = mass spectrometry; OES = optical emission spectrometry; GC-P = 

gas chromatography - pyrolysis. An equivalent method may be employed with prior approval of the Director.   
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Figure 2. Location of shallow groundwater monitoring wells and deep monitoring wells. 

Sampling will be performed as described in section B.2 of the QASP; this section of the QASP 

describes the groundwater sampling methods to be employed, including sampling SOPs (section 

B.2.a/b), and sample preservation (section B.2.g). 
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Sample handling and custody will be performed as described in section B.3 of the QASP. 

Quality control will be ensured using the methods described in section B.5 of the QASP. 

Collection and recording of continuous monitoring data will occur at the frequencies described in 

Table 4. 

Table 4. Sampling and Recording Frequencies for Continuous Monitoring. 

Well Condition Minimum sampling 

frequency: once every(1)(4) 

Minimum recording 

frequency: once every(2)(4) 

For continuous monitoring of the injection well: 5 seconds 5 minutes (3) 

For the well when shut-in: 4 hours 4 hours 

Note 1: Sampling frequency refers to how often the monitoring device obtains data from the well for a particular 

parameter.  For example, a recording device might sample a pressure transducer monitoring injection pressure once 

every two seconds and save this value in memory. 

Note 2: Recording frequency refers to how often the sampled information gets recorded to digital format (such as a 

computer hard drive).  Following the same example above, the data from the injection pressure transducer might be 

recorded to a hard drive once every minute. 

Note 3: This can be an average of the sampled readings over the previous 5-minute recording interval, or the 

maximum (or minimum, as appropriate) value identified over that recording interval. 

Note 4: DTS sampling frequency is once every 10 seconds and recorded on an hourly basis.  

Carbon Dioxide Plume and Pressure Front Tracking 

ADM will  employ direct and indirect methods to track the extent of the carbon dioxide plume 

and the presence or absence of elevated pressure.  

Table 5 presents the direct and indirect methods that ADM will use to monitor the CO2 plume, 

including the activities, locations, and frequencies ADM will employ. ADM will conduct fluid 

sampling and analysis to detect changes in groundwater in order to directly monitor the carbon 

dioxide plume. The parameters to be analyzed as part of fluid sampling in the Mt. Simon (and 

associated analytical methods) are presented in Table 6.  Indirect plume monitoring will be 

employed using pulsed neutron capture/reservoir saturation tool (RST) logs to monitor CO2 

saturation and 3D surface seismic surveys. Quality assurance procedures for seismic monitoring 

methods are presented in Section B.9 of the QASP.  

Table 5. Post-Injection Phase Plume Monitoring.(1,2)  

Target 

Formation 

Monitoring 

Activity  

Monitoring 

Location(s) 

Frequency:  

Year 1 

Frequency:  

Years 2-3 

Frequency:  

Years 4-9 

Frequency:  

Year 10 

Direct Plume Monitoring 

Mt. Simon Fluid sampling VW#2 Annual Annual Annual Annual 
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Target 

Formation 

Monitoring 

Activity  

Monitoring 

Location(s) 

Frequency:  

Year 1 

Frequency:  

Years 2-3 

Frequency:  

Years 4-9 

Frequency:  

Year 10 

Indirect Plume Monitoring  

Mt. Simon 

Pulse Neutron 

Logging/RST 

VW#1 Year 1 Year 3 
Year 5,  

Year 7 
Year 10 

VW#2 Year 1 Year 3 
Year 5,  

Year 7 
Year 10 

CCS#1 Year 1 Year 3 
Year 5,  

Year 7 
Year 10 

CCS#2 Year 1 Year 3 
Year 5,  

Year 7 
Year 10 

3D surface 

seismic survey 

Northern extent of 

plume area (fold 

coverage ~ 600 acres) 

Once  

(Year 1) 

(Est 2020) 

None None 

Once  

(Year 10) 

(Est 2030) 

Note 1: Sampling and geophysical surveys will occur within 45 days before the anniversary date of cessation of 

injection or alternatively scheduled with the prior approval of the Director. 

Note 2: Seismic surveys will be performed in the 4th quarter before or the 1st quarter of the calendar year shown or 

alternatively scheduled with the prior approval of the Director. 

Table 6. Summary of analytical and field parameters for fluid sampling in the Mt. Simon.  

Parameters Analytical Methods (1) 

Cations: 

Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, and Tl 

ICP-MS,  

EPA Method 6020 

Cations: 

Ca, Fe, K, Mg, Na, and Si 

ICP-OES, 

EPA Method 6010B 

Anions:  

Br, Cl, F, NO3, and SO4 

Ion Chromatography, 

EPA Method 300.0 

Dissolved CO2 
Coulometric titration,  

ASTM D513-11 

Isotopes: ŭ13C of DIC Isotope ratio mass spectrometry 

Total Dissolved Solids Gravimetry; APHA 2540C 

Water Density(field) Oscillating body method 

Alkalin ity APHA 2320B 

pH (field) EPA 150.1 

Specific conductance (field) APHA 2510 

Temperature (field) Thermocouple 

Note 1: ICP = inductively coupled plasma; MS = mass spectrometry; OES = optical emission spectrometry; GC-P = 

gas chromatography - pyrolysis. An equivalent method may be employed with the prior approval of the Director. 
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Table 7 presents the direct and indirect methods that ADM will use to monitor the pressure front, 

including the activities, locations, and frequencies ADM will employ. ADM will deploy 

pressure/temperature monitors and distributed temperature sensors to directly monitor the 

position of the pressure front. Passive seismic monitoring using a combination of borehole and 

surface seismic stations to detect local events over M 1.0 within the AoR will also be performed. 

Quality assurance procedures for seismic monitoring methods are presented in Section B.9 of the 

QASP.  

Table 7. Post-Injection Phase Pressure Front Monitoring .(1,2) 

Target 

Formation 

Monitoring 

Activity  

Monitoring 

Location(s) 

Frequency:  

Year 1 

Frequency:  

Years 2-3 

Frequency:  

Years 4-9 

Frequency:  

Year 10 

Direct Pressure Front Monitoring  

Mt. Simon 

Pressure/ 

temperature 

monitoring 

VW#2 
Continuous 

4 Intervals 

Continuous 

4 Intervals 

Continuous 

4 Intervals 

Continuous 

4 Intervals 

CCS#1 Continuous Continuous Annual Annual 

CCS#2 Continuous Continuous Annual Annual 

Distributed 

Temperature 

Sensing (DTS) 

CCS#1 Continuous None None None 

CCS#2 Continuous None None None 

Other Monitoring 

Multiple Passive seismic 

A combination 

of borehole and 

surface seismic 

stations located 

within the AoR. 

Continuous Continuous Continuous Continuous 

Note 1: Collection and recording of continuous monitoring data will occur at the frequencies described in Table 4. 

Note 2: Annual monitoring surveys will occur up to 45 days before the anniversary date of cessation of injection or 

alternatively scheduled with the prior approval of the Director. 

 

Monitoring locations relative to the predicted location of the CO2 plume and pressure front at 5-

year intervals throughout the post-injection phase are shown in Figure 3 through Figure 5. 

Predicted pressure profiles at the top of the injection interval and bottom-hole pressure at CCS#2 

for 50 years after the commencement of injection are shown in Figure 6 and Figure 7. The 

predicted amount of CO2 in the mobile gas, trapped gas, and dissolved (aqueous) phases for 50 

years after the commencement of injection is shown in Figure 8. 
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Figure 3. Predicted extent of the CO2 plume and pressure front (DPif = 62.2 psi) relative to monitoring 

locations, at the beginning of the post-injection phase. 
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Figure 4. Predicted extent of the CO2 plume and pressure front (DPif = 62.2 psi) relative to monitoring 

locations, at the end of 5 years after the cessation of injection.   
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Figure 5. Predicted extent of the CO2 plume and pressure front (DPif = 62.2 psi) relative to monitoring 

locations, at the end of 10 years after the cessation of injection (predicted time of site closure). 
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Figure 6. Predicted pressure profile at the top of the CCS#2 injection interval,   

simulated for 50 years after the commencement of injection. 

 
Figure 7. Predicted CCS#2 bottom-hole pressure profile,  

simulated for 50 years after the commencement of injection. 
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Figure 8. Predicted CO2 phase distribution, simulated for 50 years after the commencement of injection. 

Schedule for Submitting Post-Injection Monitoring Results 

All post-injection site care monitoring data and monitoring results (i.e., resulting from the 

groundwater monitoring and plume and pressure front tracking described above) will be 

submitted to the Director in annual reports. These reports will be submitted each year, within 60 

days following the anniversary date of the date on which injection ceases or alternatively with 

the prior approval of the Director. 

The annual reports will contain information and data generated during the reporting period; i.e. 

seismic data acquisition, well-based monitoring data, sample analysis, and the results from 

updated site models. 

Alternative Post-Injection Site Care Timeframe 

ADM will  conduct post-injection monitoring for ten years following the cessation of injection 

operations. ADM demonstrated that an alternative PISC timeframe is appropriate, pursuant to 40 

CFR 146.93(c)(1). This demonstration is based on the computational modeling to delineate the 

AoR; predictions of plume migration, pressure decline, and carbon dioxide trapping; site-specific 

geology; well construction; and the distance between the injection zone and the nearest USDWs. 

ADM will conduct all of the monitoring described under ñGroundwater Quality Monitoringò and 

ñCarbon Dioxide Plume and Pressure Front Trackingò above and report the results as described 

under the ñSchedule for Submitting Post-Injection Monitoring Results.ò This will continue until 

ADM demonstrates, based on monitoring and other site-specific data, that no additional 
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monitoring is needed to ensure that the project does not pose an endangerment to any USDWs, 

per the requirements at 40 CFR 146.93(b)(2) or (3). 

If any of the information on which the demonstration was based changes or the actual behavior 

of the site varies significantly from modeled predictions, e.g., as a result of an AoR reevaluation, 

ADM may update this PISC and Site Closure Plan pursuant to 40 CFR 146.93(a)(4). ADM will  

update the PISC and Site Closure Plan, within six months of ceasing injection or demonstrate 

that no update is needed and as necessary during the duration of the PISC timeframe. 

Non-Endangerment Demonstration Criteria 

Prior to authorization of site closure, ADM will submit a demonstration of non-endangerment of 

USDWs to the Director, per 40 CFR 146.93(b)(2) or (3).  

To make the non-endangerment demonstration, ADM will issue a report to the Director.  This 

report will make a demonstration of USDW non-endangerment based on the evaluation of the 

site monitoring data used in conjunction with the projectôs computational model. The report 

will detail how the non-endangerment demonstration uses site-specific conditions to confirm 

and demonstrate non-endangerment. The report will include (or appropriately reference): all 

relevant monitoring data and interpretations upon which the non-endangerment demonstration 

is based, model documentation and all supporting data, and any other information necessary 

for the Director to review the analysis. The report will include the following components: 

Summary of Existing Monitoring Data 

A summary of all previous monitoring data collected at the site, pursuant to the Testing and 

Monitoring Plan (Attachment C of this permit) and this PISC and Site Closure Plan, including 

data collected during the injection and PISC phases of the project, will be submitted to help 

demonstrate non-endangerment. Data submittals will be in a format acceptable to the Director 

[40 CFR 146.91(e)], and will include a narrative explanation of monitoring activiti es, 

including the dates of all monitoring events, changes to the monitoring program over time, and 

an explanation of all monitoring infrastructure that has existed at the site. Data will be 

compared with baseline data collected during site characterization [40 CFR 146.82(a)(6) and 

146.87(d)(3)]. 

Comparison of Monitoring Data and Model Predictions and Model Documentation 

The results of computational modeling used for AoR delineation and for demonstration of an 

alternative PISC timeframe will be compared to monitoring data collected during the 

operational and the PISC period.  The data will include the results of time-lapse temperature 

and pressure monitoring, groundwater quality analysis, passive seismic monitoring, and 

geophysical surveys (i.e. logging, operating-phase VSP, and 3D surface seismic surveys) used 

to update the computational model and to monitor the site. Data generated during the PISC 

period will be used to help show that the computational model accurately represents the 

storage site and can be used as a proxy to determine the plumeôs properties and size.  The 

operator will demonstrate this degree of accuracy by comparing the monitoring data obtained 

during the PISC period against the modelôs predicted properties (i.e. plume location, rate of 

movement, and pressure decay). Statistical methods will be employed to correlate the data and 
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confirm the modelôs ability to accurately represent the storage site. The validation of the 

computational model with the large volume of available data will be a significant element to 

support the non-endangerment demonstration. Further, the validation of the complete model 

over the areas, and at the points, where direct data collection has taken place will help to 

ensure confidence in the model for those areas where surface infrastructure preclude 

geophysical data collection and where direct observation wells cannot be placed.  

Evaluation of Carbon Dioxide Plume 

The operator will use a combination of time-lapse RST logs, time-lapse VSP surveys, and other 

seismic methods (2D or 3D surveys) to locate and track the extent of the CO2 plume.  Figure 9, 

Figure 10, and Figure 11 present examples of how the data may be correlated against the model 

prediction. In Figure 9, a series of RST logs are compared against the modelôs predicted plume 

vertical extent at a specific point location at a specified time interval. A good correlation 

between the two data sets will help provide strong evidence in validating the modelôs ability to 

represent the storage system.  Similarly, Figure 10 illustrates a comparison of the time-lapse 

VSPs against the predicted spatial extent of the plume at a specified time interval.  Also, 

limited 2D and 3D seismic surveys will  be employed to determine the plume location at 

specific times.   The data produced by these activities will be compared against the model using 

statistical methods to validate the modelôs ability to accurately represent the storage site. Figure 

11 presents an example of how the data from time-lapse 3D seismic surveys may be correlated 

against the model prediction. 

 
Figure 9. Comparison of the time-lapse RST logs against the predicted vertical extent of the plume at a 

specific time interval during the operational and PISC period can provide validation of the modelôs accuracy. 

Time Lapse RST logs show the development 
of the vertical extent of CO2 over time.
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Figure 10. Comparison of the time-lapse VSPs against the predicted spatial extent of the plume at specific 

time intervals during the operational and PISC period can provide validation of the modelôs accuracy. 

 
Figure 11. Comparison of the time-lapse surface 3D against the predicted spatial extent of the plume at 

specific time intervals during the operational and PISC period can provide validation of the modelôs 

accuracy. 

Time Lapse VSP surveys show the development of the 
vertical and lateral extent of CO2 over time.


